INTRODUCTION
Wentzel-Kramers-Brillouin (WKB) and full-wave approaches [1] [2] [3] [4] have been widely used in studying the linear propagation and quasi-linear absorption of LH waves in tokamaks. However, there are still some unsolved problems for LH waves in fusion plasmas such as 'density limit' [5] and 'spectral gap' [6] , which are considered to be related with nonlinear physics. For example, parametric decay instabilities of LH waves have been observed in some experiments [7] [8] [9] [10] [11] . Particle-in-cell (PIC) simulation approach is a powerful tool for studying the nonlinear physics of LH waves.
We use PIC approach to simulate LH waves by utilizing the existing physics capability, toroidal geometry and computational power of the gyrokinetic toroidal code (GTC) [12] . Thanks to the upgrade in previous works [13, 14] , electromagnetic capability for the LH wave simulation has been developed in GTC to study mode conversion and propagation with the realistic parameters. In the current work, we find that launching from the high field side is helpful to LH wave penetration into the core plasma, which is associated with the poloidal spectrum upshift of the wavepacket. Furthermore, propagation and absorption of LH waves in hot plasmas are studied.
SIMULATION MODEL
To simulate LH waves with negligible damping from ion species, ion dynamic is described by cold fluid equations in canonical form as: 
Eqs. (1-9) form a closed system, which are used to investigate the linear electromagnetic properties of LH waves in tokamaks.
MODE CONVERSION
Mode conversion between slow wave and fast wave will happen if the local accessibility condition is not satisfied, namely, when the parallel refractive index of LH wave is smaller than the threshold: || a n n [1] . Here, we will study LH wave mode conversion with different launch positions in the tokamak geometry.
In the simulation, the plasma is non-uniform with the on-axis value of the electron density 
PROPAGATION
In this section, we study the poloidal spectrum evolution of the LH wave-packet in a single pass. We launch the LH wave-packet at 0 position. The plasma is hot with an on-axis temperature 0 Fig. 2 (a) and (b) , respectively. The central value of the poloidal spectrum of the LH wavepacket increases and the spectrum broadens with the wave penetrating towards the plasma center, which is due to the breaking of the poloidal symmetry and the wave diffractions. 
CONCLUSIONS
Particle simulation approach is demonstrated as a new method for modelling LH wave in tokamak plasmas, which has advantages in studying nonlinear physics. GTC simulation shows the mode conversion between slow and fast waves if the accessibility condition is not satisfied, which agrees with the theory. Poloidal spectrum upshift and broadening effects in toroidal geometry are also observed in our simulation.
